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A Physiological Basis for 
Controlling Leafy Spurge on 
Nebraska Rangeland
Applying herbicides at the appropriate physiological stage is an important consideration 
to effectively control leafy spurge.
By Rob Mitchell, Corey Moffet, and Ron Sosebee
Leafy spurge (Euphorbia esula L.) is a nonnative perennial forb that has invaded rangeland and pasture in the central and northern Great Plains of the United States and Canada. Leafy spurge 
has been reported in 35 states and all but one Canadian 
province1 and is a noxious weed in Nebraska and about 
20 other states.2 Its invasive nature is promoted by repro-
duction from seeds and adventitious buds on the crown 
and roots. It quickly increases in pastures, alters rangeland 
species composition, and reduces forage production by as 
much as 75%.3,4
Leafy spurge has been diffi cult to reliably control with 
herbicides, with most herbicide treatments providing only 
short-term control.1 Current management strategies include 
herbicides as part of an integrated pest management pro-
gram.5 However, few studies have used the physiological 
status of leafy spurge as an indicator to properly time 
herbicide applications.
The response to herbicides depends largely on the 
physiological status of the target plant. For herbicides to be 
effective, the plant must be susceptible to the herbicide, and 
it must be applied when the plant is most receptive to 
optimize absorption and translocation to the perennating 
tissues. Plants are most receptive to herbicides when soluble 
carbohydrates are being transferred to the perennating 
organs. The perennating organs in leafy spurge are the pink 
adventitious buds on the crown, roots, and rhizomes, which 
will emerge as new shoots in the spring. Most of these buds 
develop after fl owering, in August and September.
Foliar-applied herbicides are translocated through the 
plant by moving soluble carbohydrates from energy sources 
(photosynthesizing leaves) to energy sinks. The energy sinks 
are the growing points of the plant or storage organs such 
as roots, rhizomes, or active buds.
Energy translocation and storage in plants can be 
determined by measuring the changes in total nonstructural 
carbohydrate (TNC) concentration in the plant material 
immediately adjacent to and below the plant crown. By 
measuring the TNC concentration monthly, its trend can be 
A leafy spurge rhizome exposed in the soil profi le. The pink buds are 
active and will emerge as new shoots.
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developed and closely associated with different stages of 
plant maturity. Our objective was to quantify the TNC 
trend for leafy spurge in Dawson County, Nebraska, and 
determine if timing herbicide applications based on TNC 
trend can improve our ability to predict leafy spurge 
response to herbicides.
We collected 10 leafy spurge plants at about 30-day 
intervals for 21 months in 1998 and 1999 from 4 geogra phic 
locations in Dawson County, Nebraska; measured the TNC 
concentration in the crown region; and developed a TNC 
trend for leafy spurge in Dawson County, Nebraska 
(Fig. 1).
The goal with foliar herbicide applications is to translo-
cate the herbicide in the photosynthate stream and kill the 
plant and its buds. The most effective time to accomplish 
this goal is to apply foliar herbicides when TNC is increas-
ing in the storage organs. Leafy spurge TNC increases in 
late February and early March (immediately before spring 
emergence) and again in mid-July through mid-October 
(after fl owering; Fig.  1). Applying foliar herbicides in 
February and March would be ineffective because the plant 
is still dormant and has no exposed foliage. Many new leafy 
spurge buds form in late August and early September and 
signal the time to apply herbicides. Applying herbicides in 
July, August, or early September (periods of increasing 
TNC) would not be as effective because translocation does 
not occur at great enough levels to transport herbicides to 
the formed buds. Based on leafy spurge TNC, the best time 
to apply foliar herbicides to optimize mortality is from late 
September to the fi rst killing frost (Fig. 1).
Picloram (Tordon 22K®; DowAgroSciences) has been 
used to effectively control leafy spurge. The broadcast 
application label recommendation is to apply 2–4 pints per 
acre at the true fl ower stage of growth or apply to autumn 
regrowth. In an effort to evaluate the infl uence of TNC on 
leafy spurge mortality, we broadcast applied picloram at 1, 
2, and 4 pints per acre to 0.1-acre plots in mid-June, mid-
August, and mid-October to correspond with different 
stages of growth and TNC status (Fig.  1). In mid-June, the 
plants were in the fl owering stage, and TNC was stable. 
In mid-August, the plants were in the postfl ower stage, 
and TNC was increasing. In mid-October, the plants were 
in the postfl ower stage, with new vegetative regrowth, new 
root development, increased TNC levels to near maximum, 
and had formed new lateral buds. The picloram treatments 
were applied at 2 locations in June, 1 location in August, 
and 1 location in October during 1999. The June treatments 
were applied during the fl owering stage, the August 
treatments during the seed production stage, and the 
October treatments during the postfl owering stage. 
Treatments were arranged as a completely random design 
and were replicated 3 times at each location. The treatment 
locations were typical Loess Hills mixed prairie and were 
grazed before and after treatment application. Treatments 
were adjacent to the sites where plants were collected for 
TNC evaluation. Leafy spurge live plant density was deter-
mined during the summer of 2001, nearly 24 months after 
the most recent treatment application.
Leafy spurge growing on a nontreated site in the Loess Hills, Dawson 
County, Nebraska. Leafy spurge has displaced most of the native plant 
species and reduced forage production on this nontreated site.
Figure  1. Leafy spurge total nonstructural carbohydrate (TNC) trend 
and associated stage of development in Dawson County, Nebraska. 
This trend represents the average TNC concentrations of leafy spurge 
collected from 4 sites in 1998 and 1999.
None of the treatments applied in June during fl owering 
were different from the controls (Table  1). However, the 
trend in June was for the number of live leafy spurge plants 
per square foot to decline (increased mortality) as picloram 
concentration increased (Table  1). In August, application of 
1 or 4 pints of picloram per acre reduced leafy spurge den-
sity, but the application of 2 pints of picloram per acre was 
not different from the control. Although we cannot explain 
the lack of leafy spurge response to the 2-pint treatment in 
August, it appears that the variation in August was high as 
indicated by the large standard error (Table  1). In October, 
the 2-pint treatment reduced leafy spurge compared to the 
control, and the 4-pint treatment effectively eliminated 
leafy spurge in a uniform manner across treatment areas 
(Table  1). The 1-pint treatment was not different from the 
control, apparently because of the large variation across 
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treatment areas as indicated by the large standard error 
(Table 1).
With the exception of the 2-pint-per-acre treatment in 
August, the treatments responded as the TNC trend pre-
dicted. During fl owering in June, the treatments did not 
acceptably reduce leafy spurge density. However, in October 
when the plants were in the regrowth and postfl ower stage 
with milky sap and new buds had been formed, leafy spurge 
mortality increased as picloram concentration increased. 
Leafy spurge was effectively eliminated with the 4-pint-
per-acre treatment in October.
Timing of herbicide application is critical to managing 
leafy spurge. For example, the picloram (Tordon 22K®, 
DowAgroSciences) label recommendation to apply to 
autumn regrowth is supported by our TNC data. For large, 
dense infestations application of picloram at 2–4 pints per 
acre in autumn 2 weeks before the fi rst killing frost is an 
effective treatment. Although not evaluated by us, a possible 
approach for follow-up treatment or treating small infesta-
tions would be to spot spray with 2,4-D in early June, then 
spot spray with picloram between September 15 and the 
fi rst killing frost. Contract sprayers have reported that the 
spring 2,4-D treatment keeps the plants from producing 
viable seed, and the autumn picloram treatment kills the 
plants. It is important to remember that picloram applica-
tion will kill many other forbs and woody plants, so use 
caution if desirable nontarget plants are present.
Based on leafy spurge TNC data collected from range-
land in central Nebraska, applying herbicides in autumn 
before the fi rst killing frost will result in the best leafy spurge 
control. The label recommendations to apply Tordon 22K® 
in the autumn to leafy spurge regrowth is supported by the 
physiological status of the plant populations.
Although herbicides are an important component in leafy 
spurge management, an integrated approach is required 
for successful leafy spurge control. In some cases, herbicide 
application followed by the release of biocontrol agents may 
prevent leafy spurge reinvasion. If infestations are well 
established and dense, it is likely that the grassland 
community has deteriorated to the point that even with 
leafy spurge control, desirable species are lacking and 
recovery will be unacceptably slow without additional 
management inputs.6 This scenario would require an inte-
grated management plan including leafy spurge control with 
herbicides, followed by establishing stands of productive 
perennial grasses. With good posttreatment management, 
productive and competitive grasslands can be established 
and maintained to resist reinvasion by leafy spurge.
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Table 1. Leafy spurge live plant density (number·ft–2) following applications of picloram (Tordon 22K®) at 
1, 2, and 4 pints per acre applied in June, August, or October in Dawson County, Nebraska in 1999. Live 
plant density for the control and all treatments was determined during the summer of 2001. Numbers in 
parentheses after the mean live plant density represent standard errors of the mean
Herbicide treatments
Control 1 pint·acre–1 2 pints·acre–1 4 pints·acre–1
Application month Live plants·ft–2 (SE)
June 2.20 (0.59) 3.20 (0.95) 2.84 (0.90) 1.92 (0.98)
August 2.66 (0.69) 1.57 (0.37) 2.97 (1.11) 1.07 (0.49)
October 1.73 (0.50) 1.94 (1.29) 0.66 (0.22) 0.02 (0.02)
